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DESCRIPTION 
METHOD FOR TESTING PERITONEAL FUNCTION 



5 Tbchnical Field 

The present invention relates to a method for testing peritoneal dialysis 
function and water removal function, so as to evaluate efl&dently and accurately the 
current state of the peritoneal function in patients with chronic renal feilure, in order 
to perform a peritoneal dialysis that is optimal for the condition of that patient. 

10 

Backgroimd Art 

One of the most important issues in conventional medical treatment of 
peritoneal dialysis has been how to correctly determine the peritoneal dialysis state 
and the peritoneal permeability of peritoneal dialysis patients so as to evaluate the 

15 peritoneal function and determine the optimiun dialysis conditions. For example, 
with Continuous Ambulatory Peritoneal Dialysis (CAPD), which is a so-called chronic 
peritoneal dialysis treatment that was proposed in the 1970s, approximately two Hters 
of peritoneal dialysis fluid is retained within the abdominal cavity for five to six hours, 
and is exchanged fi:om four to six times daily Also, to maintain constancy within the 

20 patient's body, the dialysis function and water removal function (hereinafter, 
collectively referred to as "peritoneal function") of the patient's peritonevim is evaluated, 
and the most suitable dialysis fluid exchange schedule (hereinafber, referred to as 
"dose") based on that evaluation is set. 

However, durii^ the 1970s, which is when CAPD was proposed, very little was 

25 known of the characteristics of peritoneal function and the change over time in 
peritoneal function over the coxirse of peritoneal dialysis, and thus there was no 
established testing method for appropriately evaluating peritoneal function, and the 
dose was set based on physician experience and judgment. 

By the 1980s, as the mmiber of clinical cases increased, it became dear that 

30 peritoneal function differed for each patient, and methods for testing peritoneal 
function involving qualitative evaluation of dialysis function and water removal 
function were proposed. Peritoneal Equilibriimi Tbst (hereinafter, also referred to as 
"PETO is one of the most frequently used qualitative evaluation methods. With PET, 
peritoneal function is divided into four categories, these being good, moderately good, 

35 moderately poor, and poor, and a general dose pattern that is considered appropriate is 
proposed for each category . 

By the 1990s, it was shown that there are limitations to the patients for which 
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qualitative evaluation methods may be adopted, and qiiantitative evaluation methods 
that take patient body type into account were proposed. The quantitative evaluation 
method uses creatinine clearance, which is one index for the dialysis amoimt of chronic 
peritoneal dialysis patients, urea KtA^ and statistical results on survival rates, as 
5 criteria. The dose that satisfies the quantitative criteria of these two parameters with 
respect to survival rate is judged to be the optimxmi dosage. By using the above 
quahtative evaliiation method and this quantitative evaluation in tandem, it became 
possible to determine the optimima dose pattern and dose. 

The use of these two evaluation methods in tandem, however, at most results 

10 in only an evaluation of the suitability of a dose at various points. Consequently, the 
setting of the dose was performed by trial and error, and there was the problem that 
the physician had only his experience to rely on when setting a dose. 

Accordingly, a computer simulation that builds a mathematical model of 
chronic peritoneal dialysis methods and proposes the most suitable dose based on 

15 analysis of the speed at which the peritoneum moves substances was proposed. 
Usiag computer simiolation made it possible to propose a dose suited for the peritoneal 
function of the patient by adopting both the dose pattern proposed by quahtative 
evaluation and the criteria indicated by quantitative evaluation. 

However, there was no effective and economical clinical data collection protocol 

20 (testing method) for collecting the data necessary for this analysis. Although 
numerous dinical data collection protocols (testing methods) for implementing 
computer simidation have been proposed, each of the methods takes the bod/s 
drcadian rhythm into consideration and measures the material balance of monitored 
solutes (such as urine toxins) and the uptake and release of water over a 24-hoxir 

25 period. 

FIG. 1 shows an example of the procedure of a conventional method for testing 
peritoneal fimction. The horizontal axis shows the time elapsed fix>m the start of 
testing. 'Tluid infusion" and "flviid drain" in accordance with the passage of time are 
shown. Also, the tuning of a body wei^t measurement 11, a blood draw 12, a urine 
30 storage 13, and a urine test 14 are shown in relation to "fluid infusion" and "fluid 
drain." 

As shown in FIG. 1, to detect the material balance of monitored solutes (such 
as virine toxins) and the uptake and release of water over a 24-hour period, first, 
infusion of a low osmotic pressure fluid (360 (units are mOsm/kg-solvent; same below)), 
35 which is a dialysis fluid having a low osmotic pressure, is begun in the evening (22*30) 
two days prior to the day on which testing is finished. The next morning the flviid is 
drained and a first blood sample 12 (8-00) is taken. 
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Next, a body wei^t measiirement 11 is performed, and then a medium 
osmotic fluid (400), which is a dialysis fluid having a high osmotic pressxire, is infused, 
and for the peritoneal eqxiilibrium test (PET), the fluid is drained, some is sampled, 
and then is retvimed two times at predetermined time intervals, after which the fluid 
5 is finally drained. It should be noted that in general PET is performed vising a 
medium osmotic pressvire fluid (400). Also, PET is a test that should be performed in 
the hospital, and the second blood sample 12 is generally taken while the patient is in 
the hospital. Afber that the dialysis fluid is infused and drained, and when the final 
fluid drain is complete (8-00), a third blood sample 12 is taken and a xiruie test 14 is 
10 performed. 

In this testing procedure, the patient was forced to stay in the hospital because 
it was necessary to take a blood sample and perform a PET. In other words, in the 
above test, several blood samples are taken during a 24-hoxir period. It was therefore 
frequently necessary to admit patients to the hospital, depending on their Kving 
15 environment, and this was a problem because it imposed time constraints on patients 
and left them mentally fatigued. 

There was also the problem that the large nimiber of tests placed a large time 
and work burden on the patient and medical staffs and in spite of this, it was difficvJt to 
gather data that accurately reflected the normal daily condition of the patient. 

20 

Disclosure of the Invention 

The object of the present invention is to provide a method for testing peritoneal 
function with which it is possible to efl&dently and acciu^tely evaluate the CTirrent 
condition of the peritoneal dialysis flmction and the water removal flmction of a patient, 
25 such that peritoneal dialysis that is optimal for the condition of the patient is 
performed. 

A testing method of the present invention is a method for testing peritoneal 
function in order to evaluate a condition of a peritoneal dialysis patient, and includes 
the steps oC repeatedly performing a fluid infiision and a fluid drain of a 

30 predetermined amoimt of peritoneal dialysis fluid in alternation for peritoneal dialysis 
fluids having different osmotic pressures; analyzing the drain fluid in order to assess 
an amoxmt of the peritoneal dialysis fluid that is retained within the abdominal cavity 
of a patient, and a concentration of monitored solutes in the peritoneal dialysis fluid; 
performing a peritoneal equilibrium test; and performing a blood test in order to assess 

35 a change in condition in the blood due to performing the fluid infusion and fluid drain, 
wherein the step of performing a blood test is executed only once. 
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Brief Description of Drawings 

FIG. 1 is a diagram showing the procedxire of a conventional example of a 
method for testing peritoneal function. 

FIG. 2 is a diagram showii^ the procedxire of the method for testing peritoneal 
5 function accordii^ to an embodiment of the present invention. 

FIG. 3 is a diagram showing the change in blood colloid concentration with 
respect to test time. 

FIG. 4 is a diagram showing the change in blood crystalloid concentration with 
respect to test time. 

10 FIG. 5 is a diagram showing the change in blood electrolyte concentration with 

respect to test time. 

FIG. 6 is a diagram showing the relationship between the amount of dialysis 
fluid within the abdominal cavity and dwell time. 

FIG. 7 is a diagram showing the relationship between solute concentration 
15 and dwell time. 

Best Mode for Carrying Out the Invention 

The testing method of the present invention requires a blood test a single time 
only, allowing the economic and mental burden that the test imposes on patients and 

20 the sense of time constraint to be reduced. The method is based on the finding that 
there is very httle change in the blood solute concentration of chronic peritoneal 
dialysis patients during the 24-hour test period. As a result, a simple testing method 
that uses test data from a blood sample taken at a representative time during a 
24-hoxir period and that substantially does not affect the precision of analysis by 

25 computer simulation was achieved. 

In this testing method, it is preferable that the peritoneal eqxiilibrLimi test is 
performed last of all the steps, and the blood test is performed immediately before or 
immediately after the peritoneal eqxiilibrium test, or is performed during the 
peritoneal eqiulibrixmi test. Thus, by taking a six^e blood sample during testing, 

30 preferably when testii^ has finished, along with a peritoneal equilibrivun test, which is 
a qualitative evaluation method, it is possible to minimize the amoimt of time spent in 
the hospital for the purpose of testing. 

It is preferable that the monitored solutes for assessing peritoneal function are 
total protein, albimiin, glucose, creatinine, urea, sodium, and chlorine. 

35 It is also preferable that the albumin concentration of the drain fluid is 

extrapolated based on the total protein concentration of the drain fluid. Thus, the 
measurement expenses can be kept even lower. 
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It is preferable that the step of repeatii^ fluid infusion and fluid drain is 
performed at least three times for each dialysis flmd of respective osmotic pressxire. 
In this case, it is preferable that when the step of repeating fluid infusion and fluid 
drain is performed a plurahty of times using dialysis fluid havii^ the same osinotic 
5 pressure, then a dwell time from when the dialysis fluid is infused until when the 
dialysis fluid is drained is different each time. 

With this method, when the change over time in the water removal amoimt 
and the change over time in the solute concentration of the drain fluid are e7q)ressed as 
cxirved lines based on three types of clinical data for different dwefl times, it is possible 

10 to precisely perform curve fitting for the following reason. That is, this is because in 
order to perform a high-precision curve fitting it is necessary to predict more precisely 
the time period during which there is a large change in the curved hne, and by setting 
a large number of test sampling points in the time period where change is lai^st due 
to the change over time in the water removal amoimt, that is, the time period in which 

15 the water removal amount is largest, there is better precision of curve fitting. As a 
result, a peritoneal dialysis simulation, such as one that includes dwell times in which 
cxirve fitting is not performed when setting the dose, becomes possible. 

Methods for testing peritoneal fimction according to embodiments of the 
present invention are described below with reference to the drawings. FIG. 2 shows the 

20 procedure of a method for testing peritoneal fimction according to the present 
embodiment. FIG. 2, like FIG. 1, shows the timing for "fluid infiision" and "fluid 
drain" as time elapses. The timing of a body weight measurement 21, a blood draw 
22, a urine storage 23, and a urine test 24 are shown in relation to "fluid infusion" and 
"fluid drain." 

25 Because in the testii^ method of the present embodiment as well it is 

necessary to detect the substance balance of monitored solutes (such as urine toxins) 
and the uptake and drain of water over a 24-hour period, the infusion of dialysis flmd 
is started firom the evening two days prior to the day on which testing ends. However, 
in the present embodiment, 2L of high osmotic pressure dialysis fluid, that is, the 

30 medium osmotic fluid (400), are infused before testing is begun. This is because by 
infusing a dialysis fluid with high osmotic pressure it is possible to ensure a long dwell 
time. By contrast, when a low osmotic pressure fluid (360) is infiised when testing is 
started, the dwell time is short, and this requires fluid infusion and fluid drain to be 
performed during the night and affects the lifestyle of the patient. 

35 The present testing method also differs fi-om the conventional testing method 

in that the first blood sample is not taken at the point that fluid drain is performed the 
following morning. Then, infusion of 2L of low osmotic pressure fluid (360) is 
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performed twice, after which 2L of medium osmotic pressure fluid (400) and low 
osmotic pressure fluid (360) are infused and drained in alternation, and a single blood 
sample 22 is taken prior to starting the final fliiid infusion. Simultaneously, a urine 
sample is obtained fix)m patients with urine for the urine test 24, and for this reason 
5 urine is retained 23. Lastly, a body weight measiurement 21 is performed, and then a 
peritoneal equilibrium test (PET) is performed. In other words, the dialysis fluid that 
is infused is collected over three collections, and then the entire test is ended. 

In this manner, the testing method of the present embodiment is characterized 
in that the timing and the mmiber of the blood samples taken is different fix^m the 

10 conventional method. The reason why this change is possible is explained through 
the following demonstration experiment. 

First, approximately 100 chronic peritoneal dialysis patients were tested using 
the conventional method for testing peritoneal function shown in FIG. 1, in which 
blood samples are taken and drained dialysis fluid is stored over a 24-hour period to 

15 measure the concentration of monitored solutes in blood and drained fluid during 
testing. As for the dialysis fluid exchange schedule of the testing, two types of dialysis 
fluid dow osmotic pressure fluid and mediimi osmotic pressure fluid) having different 
osmotic pressures that are adopted based on water removal capability, were each held 
three times, and each dwell time was different. The reason for doing this is to prevent 

20 drops in the precision of analysis by computer simulation and to increase variation in 
the dosage simulation. 

Preferable examples of the monitored solutes that are important for 
confirming the constancy of chronic peritoneal dialysis patients include total protein, 
albumin, ^ucose, creatinine, lu^a, sodiimi, and chlorine. The manner in which the 

25 concentration of these monitored solutes in the patient's blood changes dxiring the 
24-hour testing period was noted. 

The results of the measurements are shown in FIG. 3, which shows the 
change over time in the total protein and albxmiin (colloid) concentration in the blood. 
In FIG. 3, the solid black circles • indicate the concentration of total protein in the 

30 blood and the soM black diamonds ♦ indicate the concentration of albumin in the 
blood. It is dear fix)m FIG. 3 that very littie change in the total protein concentration 
and the albimiin concentration in the blood was observed over the 24 hour period of the 
test. 

FIG. 4 shows the change over test time in the concentration of glucose, 
35 creatinine, and urea (crystalloids) in the blood. In FIG. 4, the solid black circles • 
indicate the concentration of creatinine in the blood, the soUd black diamonds ♦ 
indicate the concentration of urea in the blood, and the sohd black triangles A indicate 
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the concentration of glucose in the bloo A As can be understood from FIG. 4, very little 
change in the creatinine and urea concentration in the blood was observed over the 
24-hoxu' period of the test. Also, althov^h the concentration of glucose in the blood 
rose during testing, hardly any change was observed between that at the start and 
5 that at the end of testing. 

FIG. 5 shows the change in blood concentration of sodium and chlorine 
(electrol5^s) dxiring testii^. In FIG. 5, the soM black circles • indicate the 
concentration of sodium in the blood and the sohd black diamonds ♦ indicate the 
concentration of chlorine in the blood. It is dear from FIG. 5 that very Uttle chai^ in 
10 the concentration of sodixun and chlorine in the blood was observed over the 24-hovir 
test period. 

From the above it is clear that there is very little change in the blood 
concentration of all of the monitored solutes, these being total protein, albumin, glucose, 
creatinine, xirea, sodivim, and chlorine, which are regarded as the monitored solutes 

15 that are important for confirming the constancy of chronic peritoneal dialysis patients, 
between that at the start of testing and that after the 24-hour test period. 
Consequently, it is conceivable that obtaining a blood and urine sample only once 
either at the start of testing or after the 24-hour test period would be sufficient. 

Here, in consideration of patient convenience, it is necessary to take a blood 

20 sample and perform the peritoneal eqxuhbrixmi test (PET) at a hospital, and ultimately 
to submit the samples of drained dialysis fluid to the hospital. Tsddng this into 
consideration, when a blood sample is taken and the PET test is performed at the start 
of testing, the patient is required to travel to the hospital twice, and this is not 
preferable. On the other hand, because the storage of drained dialysis fluid is possible 

25 at home, if the patient were to bring drained dialysis fluid samples to the hospital and 
have blood drawn after testing is finished, it wotild not be necessary for the patient to 
be admitted to the hospital. Consequently, as shown in FIG. 2, if the blood and urine 
samples 22, 24 are obtained and the PET is performed in the hospital when the test 
sequence has finished, then by the patient coming to the hospital only a single time on 

30 the final day, all of the tests can be performed. Thus, the patient is fi:^ed from time 
constraints and the mental and economic burden on the patient can be reduced. 

It should be noted that, as shown in FIG. 3, there is an experimentally clear 
positive correlation between the albumin concentration of the drain fluid and the total 
protein concentration of the drain fluid. Consequently, the albumin concentration of 

35 the drain fluid, which is expensive to measure, can be extrapolated using the total 
protein concentration of the drained fluid, which is inexpensive to measure. In other 
words, by measvtring only the total protein concentration of the drain fluid and 
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calcvdating the albumin cjoncentration of the drain fluid without actually measuring it, 
the test results can be obtained. 

With the testing method accordii^ to this embodiment, it is possible to coUect 
the water removal amount and the solute concentration of the drain fluid as 
5 temporally discontinuous clinical data on the low osmotic pressure flmd and the 
medium osmotic pressure fluid. FIG. 6 and FIG. 7 respectively show an example of 
the data on the water removal amoxmt (corresponding to amoimt of abdominal cavity 
dialysis fluid) and the solute concentration of the drain fluid that are collected using 
this testing method, plotted against dwell time. In PTG. 6, the sohd black circles • 

10 indicate the amoimt of abdominal cavity dialysis fluid in the case of the dialysis fluid 
having a high osmotic pressxire (medixmi osmotic pressure fluid) and the sohd black 
diamonds ♦ indicate the amoimt of abdominal cavity dialysis fluid in the case of the 
dialysis fluid having a low osmotic pressvire Cow osmotic pressure fluid). In FIG. 7, 
the solid black circles • indicate the solute concentration in the case of the dialysis 

15 fluid having a high osmotic pressure (medium osmotic pressure fluid), the sohd black 
diamonds ♦ indicate the solute concentration in the case of the dialysis fluid having a 
low osmotic pressure Cow osmotic pressure fluid), and the thick sohd lines each 
indicate the solute concentration of the blood. 

With the testing method of the present embodiment, chnical data are collected 

20 for dwell times of three different lengths, and dialysis fluids with different osmotic 
pressures are infused in alternation. This is to prevent excessive water removal 
before it occurs by continuoxisly visiag dialysis fluid having high osmotic pressure. 
Consequently, in accordance with more specific conditions, the infiision of low osmotic 
pressure fluid can be partially continuous, but the low osmotic pressxire fluid and the 

25 mediimi osmotic pressure flmd are infused in alternation so that the infusion of 
mediimi osmotic fluid is not continuoiis. According to these conditions, in the 
procedure shown in FIG. 2, it is possible to switch the (12-30) infusion of low osmotic 
pressure fluid (360) and the (15-30) infusion of medium osmotic pressure fluid (400). 

Also, in the present embodiment, at the end of the step of alternately repeating 

30 the infusion of dialysis fluids having different osmotic pressures, that is, when the 
peritoneal equihbrium test is started, the dialysis fluid with the relatively higher 
osmotic pressure is infused. This is because for the peritoneal equihbrium test it is 
necessary to infuse the dialysis fluid having the higher osmotic pressure. The reason 
for this is as follows. In patients with advanced peritoneimi permeabihty, there is 

35 httle hope that sufficient water removal will occxir with the peritoneal dialysis fluid 
having the lower osmotic pressure. Consequently, with relatively short (for example, 
fovu: hours) dwell times, the amount of urine toxin that is removed reaches the removal 
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limit, and aociirate test values cannot be obtained On the other hand, with the 
dialysis fluid having tJie higher osmotic pressure, the urine toxin removal limit is 
hi^er than that of the dialysis fluid having the lower osmotic pressure. For this 
reason, the removal limit is not reached in a short dwell time, even for patients with 
5 advanced peritonetun permeability. Consequently, if the dialysis fluid having the 
higher osmotic pressxire is used, then accurate test values can be obtained regardless of 
the patient's peritoneum permeability. Thxis, it is preferable that the dialysis fluid 
having the higher osmotic pressure is infused last in the step of alternately repeating 
fluid infusion and fluid drain. 

10 Also, in this embodiment, the dialysis fluid having the higher osmotic pressvire 

is infused first in the step of alternately repeating the infusion of dialysis fluids having 
different osmotic pressures. This is becaxise a loi^ dweU time can be secured if the 
dialysis fluid having the higher osmotic pressure is infused, and this is suited for 
starting the step of repeated fluid infusion in the evening. By contrast, the dweU time 

15 is short when the dialysis fluid having the lower osmotic pressure is infused, and this 
requires fluid infusion and drain to be carried out at short intervals and affects the 
lifestyle of the patient. Thus, it is preferable that the dialysis fluid having the higher 
osmotic pressvire is infused first in the step of repeating fluid infusion and fluid drain. 

As illustrated above, the present embodiment achieves a simple testing 

20 method that uses test data &om a single blood sample taken at a representative time 
during a 24-hour period, without substantially affecting the precision of analysis by 
computer simulation, based on the finding that there is very httle change in the blood 
solute concentration in chronic peritoneal dialysis patients over a 24-hoxu: test period. 
As a result, the feeling of time confinement and the economic and mental burden that 

25 the test imposes on patients can be reduced. 

Also, by taking a blood sample only once diudng testii^, preferably when 
testing is finished, along with a peritoneal eqxnlibrium test (PET), which is a 
quahtative evaluation method, it is possible to minimize the amoimt of time spent in 
the hospital for the pmpose of testing. 

30 

Industrial Apphcabilitv 

The method for testing peritoneal function of the present invention achieves a . 
simple testing method that uses test data fix)m a single blood sample taken at a 
representative time during a 24-hour period, without substantially affecting the 
35 analysis precision of the computer simulation. As a result, it is possible to reduce the 
feeling of time confinement and the economic and mental burden that the test imposes 
on patients. 



9 



